The lack of consistency surrounding the diagnosis of chronic non-cancer pain, treatment approaches, and patient management suggests the need for further research to better characterize the chronic non-cancer pain population. Objective: The purpose of this study was to identify distinct trajectories of health care service utilization of chronic non-cancer pain patients and describe the characteristic differences between trajectory groups. 
Introduction
"Chronic pain," defined by the International Association for the Study of Pain, is any pain that persists beyond the expected healing phase following an injury, is any pain that persists beyond the expected healing phase or longer than three months. 1 However, alternative definitions have been used when pain persists for more than 6 months. 2 The lack of consistency surrounding the diagnosis of chronic non-cancer pain (CNCP), treatment approaches, and patient management suggests the need for further research on better characterizing the CNCP population.
CNCP is often associated with primary diagnoses such as low back pain (LBP), osteoarthritis (OA), fibromyalgia, and diabetic neuropathy. [3] [4] [5] CNCP patients have numerous nonpharmacologic treatment options available to them, including exercise, psychological and behavioral interventions, and a variety of non-traditional treatment approaches including acupuncture, vitamins and herbal preparations. 6 However, the most common form of treatment for CNCP is opioid analgesic medication. These medications, while highly effective at relieving pain, are associated with elevated risk for addiction, opioid-induced adverse events, decrement in level of functioning, and increased use of high-cost venue health care services. 5, 7, 8 On average, for those diagnosed with CNCP, pain tends to persist for a median of 10 years (range 3-50 years), and while pain persists, so does opioid therapy, facilitating the emergence of secondary disorders. Furthermore, in opposition to the World Health Organization's analgesic ladder, 9 the most commonly prescribed opioid analgesic is oxycodone, indicated for moderate to severe pain (representing 53% of all opioid use). 4, 10 Compared with their non-pain counterparts, patients experiencing CNCP also tend to use more health care services, resulting in an increase in health care spending. 11, 12 With estimates of up to 26% of the population reporting persistent pain during the prior 6 months, 13 research on drivers, service utilization, provider practice patterns, and treatment outcomes are of increasing importance to payers. Previous research has focused on the sequelae of LBP in relation to patient recovery or symptomatology at various time points (3, 6 , or 12 months) but studies of longer duration are less common within the literature and may be of value to payers. 13 Payers are becoming more aware of the costs associated with opioid analgesia overuse and the emergence of addiction 15 as well as the potential benefit of effective interventions to patients as well as their employer clients. To address the increased health care service utilization and associated costs as well as the personal suffering associated with CNCP, many health plans and other payers have made management of these patients a priority. 16 Given the high prevalence of pain-related conditions, the efficient and effective delivery of these programs requires tools to identify pain patients at greatest risk for utilizing high-cost venue services, based on pre-morbid predictors and other process variables. Therefore, the aim of the present study was to identify and describe patient groups by their changes in or stability of health care expenditure as a proxy of their pain intensity. Specifically, the two main study objectives were: (1) to develop a method of defining distinct patient groups based on health care expenditure patterns and (2) to determine the characteristics associated with membership in these groups.
Methods

Sample selection
A random sample (25%) of patients with a diagnosis of LBP or OA was extracted from the MarketScan database (N = 4.4 M) of aggregated redacted commercial claims during calendar years 2006 through 2009. The following inclusion and exclusion criteria were imposed on all subjects:
• at minimum, three International Classification of Diseases, Ninth Revision, Clinical Modification diagnoses of either LBP or OA spanning $ 180 days during the 18-month case-finding window (subjects evidencing both diagnoses were excluded) • continuous eligibility for the 30-month measurement period • six-month pre-event pain-naive period • at least 18 years of age • absence of cancer, schizophrenia, traumatic brain injury, and mental retardation diagnoses during the study period. For all subjects, three study-period windows were created: 1. pre-period: the six-month pre-pain diagnosis period 2. post-Year 1: the first 12-month post-pain diagnosis follow-up period 3. post-Year 2: the second 12-month post-pain diagnosis follow-up period.
Statistical analyses
The statistical analysis involved four steps.
Demographic, service utilization and costs by diagnosis group
Demographic information, including baseline comorbidities, was calculated for each diagnosis group. Additionally, during each of the three primary study periods, service utilization and cost estimates were calculated for each group. Claims reversals were removed before any cost estimates were made.
health-related behavior during the pre-and each of the two post-periods. The goal was to produce a simple dimensional scale that represented service and pharmacy utilization and cost of care based on summarized administrative claims for service and pharmacy. The manifest variables were inpatient admissions, emergency room (ER) visits, the summed total of inpatient and ER costs, physician/clinic visits, laboratory days, prescription fills, and total outpatient costs. A two-factor solution adequately represented the data based on eigenvalues . 1.0 and scree plot analysis. The two factors showed consistency across measurement periods, with the manifest indicators loading in the same order providing for adequate metric invariance. 17 The pattern of manifest indicator loadings into the two factors may be summarized as:
• Factor 1: high-cost venue service use intensity (HCVSUI) • Factor 2: outpatient service use intensity (OPSUI) Factor scores for both HCVSUI and OPSUI for the preperiod as well as for both post-index periods were stored for each case, as these values were used in the clustering and final model.
Clustering cases on latent factor scores and creation of trajectory groups K-means clustering of case-level HCVSUI factor scores at post-Year 1 and post-Year 2 separated cases into high and low HCVSUI factor scores at both periods. Trajectory groups were then based on change in group membership from post-Year 1 to 2. Finally, once cases were separated into trajectory groups, group membership was predicted using multivariate analyses. Descriptive statistics included group comparisons on demographic and comorbidity profiles, in addition to service utilization and cost estimates during the follow-up periods.
Predicting trajectory groups
Identifying predictors of trajectory group membership was the final step of these analyses. Therefore, given that trajectory group was a polytomous categorical variable, a multinomial regression model was used. Multinomial regression analysis predicted group trajectory membership using pre-period service utilization, comorbid diagnoses, pharmacy utilization, and postYear 1 OPSUI scores. Demographic information (eg, age, sex, employment status), primary diagnosis (eg, diabetes, specific back injury), comorbid diagnoses (ie, individual diagnoses as well as the Charlson comorbidity index), and service utilization during the pre-and post-periods (ie, the 6 months prior to and 2 years subsequent to the appearance of a pain diagnosis) were regressed onto trajectory groups.
Results
Analyses by diagnosis group
The final study sample, after applying inclusion and exclusion criteria, included 71,392 patients with LBP (N = 37,991) or OA (N = 33,401). Table 1 highlights descriptive demographic statistics for the sample. Overall, the sample was predominantly female (59.1%), aged 47.7 ± 9.27 years old, and residing in the southern (49.6%) and north central (29.3%) regions of the USA. The mean Charlson comorbidity index (a measure of overall illness) of the sample was 0.22 ± 0.55, with nearly a quarter of the sample having a history of both cardiovascular disease (22.4%) and psychotropic prescription fills (22.3%). 
Latent factor analysis
Principal component factor analyses of service utilization and cost manifest indicators at pre-period, post-Year 1 and post-Year 2 returned a two-principal component solution (calculated separately for each year) based on eigenvalue . 1.00 and scree plot. Loadings $ 0.40 were considered significant. Upon rotation, the two factors were (1) HCVSUI, representing the manifest variables of inpatient admissions, ER visits, and the summed total of inpatient and ER costs; and (2) OPSUI, representing the manifest variables of physician/ clinic visits, laboratory days, prescription fills, and total outpatient costs. Figures 1 and 2 show the final factor diagrams with standardized estimates.
Clustering analysis
The K-mean cluster procedure was chosen to assign cases to service utilization intensity groups because it is the most robust for working with large samples. For the HCVSUI factors, both two and three cluster solutions adequately represented the data, but for parsimony and ease of interpretation, the two-cluster solution was adopted. At each time period (pre, post-Year 1 and 2), cases were clustered into two groups that mapped onto "high" and "low" levels of HCVSUI factor scores.
Trajectory groups analyses
Once clustered, patients were further grouped based on change in group status from post-Year 1 to post-Year 2. Change in cluster membership over time was calculated to designate valence of HCVSUI trajectory and four specific trajectory groups were identified: Table 6 presents the final trimmed multinomial model. Based on the full set of a priori predictors and covariates, neither the goodness-of-fit statistic (P , 0.01), nor the omnibus test (pseudo R 2 = 0.028) was acceptable. The model was trimmed of specific predictors and covariates based on two criteria: (1) those that did not adequately predict the criterion variable and (2) those that were not imperative to the theoretical model. A second model, based on a subset of the predictors and covariates used in the original model resolved and reached acceptable levels of both goodness of fit (P = 1.0) and the omnibus test (pseudo R 2 = 0.169). Compared with the Low to Low group, members in the High to High group displayed a nonsignificant positive trend toward being slightly younger (β = -0.013, P , 0.05) and male (β = 0.209, Exp(β) = 1.232, P , 0.05). Further, they utilized greater baseline high-cost venue services (β = 0.263, P , 0.001), greater post-Year 1 outpatient services (β = 0.716, P , 0.001), and filled a greater number of prescriptions for different opioids (β = 0.219, P , 0.001). The High to High group tended to have elevated Charlson comorbidity index scores (β = 0.275, P , 0.001) and were more likely to be diagnosed with the following specific comorbidities during the pre-period: opioid dependence (β = 0.865, Exp(β) = 2.375, P , 0.001), cardiovascular disease (β = 0.317, Exp(β) = 1.373, P , 0.01), and migraine (β = 0.851, Exp(β) = 2.343, P , 0.001). In addition, there was a nonsignificant positive trend for fibromyalgia (β = 0.381, Exp(β) = 1.464, P , 0.05).
Compared with the Low to Low group, members in the Low to High group were significantly older (β = 0.014, P , 0.001), utilized greater pre-period high-cost venue services (β = 0.185, P , 0.001), utilized greater post-Year 1 outpatient services (β = 0.400, P , 0.001), and filled a greater number of prescriptions for different opioids (β = 0.109, P , 0.001). In addition, there was a nonsignificant positive trend toward males (β = 0.118, Exp(β) = 1.126, P , 0.05). The Low to High group tended to have elevated Charlson comorbidity index scores (β = 0.171, P , 0.001) and were more likely to be diagnosed with the following specific submit your manuscript | www.dovepress.com Abbreviations: HCVSUi, high-cost venue service utilization intensity; OPSUi, outpatient service utilization intensity; Rx, prescription; SD, standard deviation.
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comorbidities during the pre-period: opioid dependence (β = 0.563, Exp(β) = 1.755, P , 0.01), cardiovascular disease (β = 0.321, Exp(β) = 1.379, P , 0.001), and bipolar disorder (β = 0.665, Exp(β) = 1.944, P , 0.01). In addition, there was a nonsignificant positive trend for depression (β = 0.227, Exp(β) = 1.255, P , 0.05). Compared with the Low to Low group, members in the High to Low group were signif icantly older (β = 0.020, P , 0.001), more likely to be male (β = 0.260, Exp(β) = 1.297, P , 0.01), utilized greater baseline highcost venue services (β = 0.179, P , 0.001), utilized greater post-Year 1 outpatient services (β = 0.645, P , 0.001), and filled a greater number of prescriptions for different opioids (β = 0.102, P , 0.001). The High to Low group did not have elevated Charlson comorbidity index scores (P . 0.05); however, they were more likely to be diagnosed with opioid dependence (β = 0.493, Exp (β) = 1.637, P , 0.01). In addition, there were nonsignificant positive trends for cardiovascular disease (β = 0.113, Exp (β) = 1.119, P , 0.05) during the pre-period and members were less likely to be diagnosed with depression (β = -0.256, Exp (β) = 0.774, P , 0.05).
Discussion
The goals of the long-term pharmaceutical management of CNCP are largely palliative and rely on one or a combination of opioid therapy, neurological medications, and/or antidepressants. As has been adequately documented elsewhere, it is a challenge for practitioners to manage their CNCP patients regardless of the implemented treatment strategy. 18, 19 Finding the right balance between pain relief and appropriate medication combinations and levels is particularly challenging when addressing opioid therapy. There is a dearth of literature on the use of long-term opioid therapy for CNCP, although Chou and colleagues 20 have published guidelines and the World Health Organization's analgesic ladder provides some guidance as well. 9 Most agree that maximization of the patient's level of functioning is of paramount importance. However, health plans would argue that, in addition, efficiency or reduction in unnecessary use of high-cost venue services is equally important. This study highlights patient markers that might be used to meet both of these goals.
First, if service utilization can be taken as a proxy of patient level of functioning, an increased utilization of hospital-based services would indicate poor overall outcomes submit your manuscript | www.dovepress.com 
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Figure 3 Mean service utilization costs (in US dollars).
Abbreviations: ER, emergency room; Rx, prescription.
to which suboptimal pain management may be a contributor.
In the present study, predictors of post-Year 1 and post-Year 2 high-cost venue service utilization included history of highcost service utilization, the Charlson comorbidity index score, history of opioid dependence, and cardiovascular disease. Specifically, among those that remained consistently among the highest utilizers of high-cost venue services, migraine headache and a directionally correct trend (P , 0.05) for fibromyalgia were significant predictors. Furthermore, those in the Low to High group were more likely to have a history of mood disorder -specifically, bipolar -and a directionally correct trend (P , 0.05) for depression. In addition, both the count of different opioid medications filled during the first year of treatment as well as the history of intensity of outpatient service utilization were positively associated with high utilization of high-cost venue services.
submit your manuscript | www.dovepress.com The reference category is: Low to Low; b this parameter is set to zero because it is redundant. Abbreviations: B, beta; Exp(B), exponential beta; df, degrees of freedom; HSUi, ; OPSUi, outpatient service utilization intensity.
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The presence of some of these clinical predictors of problematic opioid use and abuse is well documented within the CNCP population 21, 22 and opioid use has been related to both poor overall functioning 23 and increased health care costs. 12, 22 The current study revealed the presence of a trend for depression and bipolar disorder associated with the Low to High group and depression was inversely associated with the High to Low group. Additionally, both opioid dependence as well as the number of different types of opioid prescriptions filled were positively predictive of submit your manuscript | www.dovepress.com
high-cost service utilization. Finally, the overall prevalence of cardiovascular disease in the current sample (22.4%) was below US prevalence estimates (33%), 24 although it did vary significantly across trajectory groups, suggesting its importance in driving costs and as a covariate. However, when removed from the final model, the R 2 was reduced by only 0.001, indicating that it accounted for a small amount of the variance, so may not be as important as other predictors in the model. One significant predictor in the opposite direction from previous literature and health plan policy is the positive relationship between high-cost venue service utilization and postYear 1 outpatient service utilization. Though not conclusive, these results do not support the general approach within care management, disease management, and case management programs of coordinating care using lower levels of service (ie, outpatient) to mitigate current or eventual elevated use of high-cost service among the CNCP patient population. [25] [26] [27] [28] Further, were this finding confirmed with more definitive data, it would suggest that health plans should reevaluate the effectiveness of standard chronic disease management protocols within this population. Clearly, health plan care management programs should look further into the effectiveness of these programs before assuming that they apply equally to CNCP patients.
An obvious application of an algorithm designed to predict high-cost service utilization based on the present results could be implemented within a health plan's care management process. Health plans may wish to intervene with patients at the greatest risk for utilization of avoidable high-cost venue services. These study results, though not definitive, indicate that there are readily available patient level predictors of high-cost service utilization among CNCP patients. Similarly, providers who are aware of the risk factors associated with high-cost service utilization may be better able to intervene in cases before health care expenditure begins to escalate. The successful identification of patients who are not at elevated risk of high-cost service utilization may be just as valuable. As the present study has shown, it is only a small portion of the entire CNCP population that will likely utilize the most expensive services, so implementation of such a program could be reasonably managed from a cost perspective. Finally, utilization reviewers and case managers within health plans, who often serve as the gatekeepers between individual patients and higher levels of care, may also increase patient care management effectiveness with the information gained from these results.
The primary limitation of the present study was the data source. Although claims data provide large sample sizes of bona fide transactions and services rendered in the health care arena, they do present a number of shortcomings. For one, the data included in this study came from an employer-based claims database that represents multiple health insurance plans and products. The variety of pain management policies are unknown and could not have been controlled. In addition, there is a dearth of clinical information in claims data, which otherwise could have assisted in both the categorization of patients into more meaningful groups and greater accuracy in assessing disease progression and treatment failure/response. Moreover, it should be understood that claims are submitted for reimbursement purposes, not research purposes; therefore, many assumptions about data definitions and, in some cases, how to interpret the results must be made to systematically measure the variables of interest and test research hypotheses. One final limitation, the inclusion of diagnosed opioid abuse/ dependence as a predictor in the model, while addressing the effect of opioid use and abuse directly, may have restricted the model, as users/abusers of drugs are more likely to try a greater number and fill more opioid prescriptions. 29 Therefore, including participants in this model who were diagnosed with abuse/dependence of any drug, may lead to a more comprehensive model.
In closing, this study developed an algorithm to discriminate between patients based on use of high-cost venue health care services among CNCP patients. The ultimate goal was to identify patient characteristics that discriminated between different levels of HCVSUI and trajectories of change over time in the same. Overall, the current results improve our understanding of drivers of service utilization and costs among CNCP patients. Most notable among the results are the characteristic differences between trajectory groups and their clinical and care management implications. Characteristics related to CNCP patients across all three groups displayed elevated use of high-cost venue services, preperiod high-cost venue service utilization, post-Year 1 use of outpatient services, use of multiple different opioid medications during post-Year 1, and a history of opioid dependence. Primary diagnosis did not differentiate between the trajectory of high-cost venue service utilization. However, before we recommend that these groups be analyzed together, further analysis of these diagnoses and their effect on service utilization is necessary. By contrast, several other indicators did differentiate between groups and would be good candidates for use in case finding for health plans submit your manuscript | www.dovepress.com
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interested in programs to reduce the use of high-cost services among CNCP patients.
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